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(54) LASER BEAM MACHINING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object 
without developing a crack, deviating from the 
predetermined line for welding or cutting on the surface 
of the machining object. 

SOLUTION: A pulse laser beam is radiated on a 
predetermined line 5 for cutting on the surface 3 of the 
machining object 1 under the condition of causing 
multiple photon absorbtion, and making a condensing 
point P agree with the inside of the machining object 1. 
By moving the condensing point P along the 
predetermined line 5 for cutting, a reforming area is 
formed inside the machining object 1 so as to be along 
the predetermined line for cutting 5. By splitting the 
machining object 1 along the predetermined line for 
cutting 5 making the reforming area a starting point, the 
machining object 1 can be cut with a comparatively small 
force. Since in the irradiation of the laser beam, the 
pulse laser beam is scarcely absorbed on the surface 3 

of the machining object 1 , the surface 3 is not melted, caused by the formation of the reforming 
area. 
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»Jj>ifiO|» t #5 0 /irru 10 0/zm. 200/1 
m. 5 00/im, 1000/x m(DM fclOl^TXf SKHK 

[0 0 4 1 ] 0J*.fcf. N d : Y A G U— FOffifcBTfc* 
1 0 6 4 nmttVt, v' U 3 VSfi^I*^ 5 0 0 /a 
mOTOl^ > U >»ffiOrtgPTti U— if Jttf 8 0 

x^W 10f*tt3 5 0/imTfe5OT, ^^frfKlRfc 

SHSfr£ 1 7 5 MmOBP^cjgfig^tlSo l^^OS 
j&m±. 2 0 0 /i mO>"J 3 x A^lCtl) 

k. 9 0%tt±SOT% «f)tt*<S/y 3>«>x/M 1 

SBfc:jB/£ (os t) i^if^fcj:*ii#(Dinj»T»lttflrai 
ffl&imtiD 2tifcfc<DTfcJ:E:<. 8nJU9«Ktf£% 

li^ffiS®6 6^ (2 00 0^4^) <Dm7 2l~^7 
3 HO rt!3»;<;I/7 iffc J:5i/'J3 >OiDX«Ftt 

[0042] i/yjy)xA^ jSiB4!ia®«* 
tiifl >"J3y»)x / k ffififc: M*r S c k £ 

3o &*5. jSWBlj|«*^i/'j3^xAOSI« 50 
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toX^W©rtSPk:«Bt^®«*JB«^Si&&. fJWr 

[0043] ( 3 ) awflnctf rarf *»k««o«* 

U-if3t*ftDXJ«M8j (H*tf35f7X) QAflUeftttjA 
*^b*T, Jfc^lCfitfSWHMW 1 x l 0 8 (W 
/cm 2 ) W±TfrO/*;l/X<g}b< 1 n s KTO*ftTSS 
StSo /WX«*tt«>TjH< IT, fye?»iR*40X 

^fiOXPSfitkLTte. &mS 1 x l o 12 (W/c 
m 2 ) T*&£ e /<;I>X«ttffJ*.ff l'ri sttTtfffSL 
<. l p sttTtf*6t!f«U\ *»?SWRfc:J:*H 

BKfc^l:** (1 9 9 7^. 1 lfl) Ogl 1 0 5M— S 

i i no r^xAh^u-if-^tc^s^xrtgp 
[0044] sfcic, ^feNSBttoAitMciKn-rso 

[»i«] ^*«llo*iff!lfc:«SU-iflrax*ffit£: 

o^tKHtSo mi 4*±co*rffife:ffiflaT#aix—if 
*px=g« i oooiBSiaHTSSo u-ifAnxs« 1 

OOte. U-ifftL*SS£^£lx— ifft^ 0 1 k. u 
— if )fc L ©W*Jfv<;]/X«**Wfli-r* fcA&fc: U— »fft 

as i o i ^fiiw-ra u— wtsftwffi 102L u-if 

)tt L 0£MK«« LfrO U— *f ft L <Wfctt©|q|** 9 
0° ^Si-S^EBSnfc^^n^y^S^- 1 0 

0 5T^anfci^if*L^!^*n**pxj»«*i 

*«KnSttftl 0 7 k. lifel 0 7^Xffl^fp] 
tCgl^^/:i6^XiXf-^ 10 9k. ®c§£? 1 0 

ttXr^^ 111k. mWS 1 0 7 *XWSIf YM7J[RI 
^ffl^f^ Ztt^ia^B^^SfefeOZttX'r-^ 1 

1 3 k. Ln^EOiDXf-^l 0 9, 111, 113 
0»»*#J»-rsx-r-^»JWffil 1 5 k. ^fi|x.^ 0 

[0 0 4 5] z«i*iRittlinx3*ft»io*ffi3fcaGS-r 
S^lRlftOT, MM 1 tz:A*f*r^ U— WflCLOjfc 
^SiSO^lRlk&So «toT, ZfftX^— i^l 13^Z 

tt^[p]^^g]^-^^ c kteicfc ^. ipx«ft»iort«fc: 
L©l3Efipox (Y) tt^fpjo^ifi^. inxjftfeftri 



(8) 
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(Y) jfttX-r— i? 109 (1 1 1) fc±!)X (Y) 
tt#lR]fc:f£fS£-£S c £ fc: «fc !) fir 3 o x (Y) ffix^- 
^109(111) *^»#©<o-ff!li:&So 
[0 0 4 6] U— 9%« 1 0 1 te^Vl/XU— if^^ 
t§Nd : Y A G IfTfefto U— tfftS lOUCffl 
l^u^tfTfSl/- If fcLT, Nd : YVO 

4l/- If, Nd : YLFU-f^>f^yij-7 7^7U- 

£\ N d : Y A G 9\ N d : Y V 04 U— 9\ N 

d : Y L F «f*ffll/^0*W3STfeSo BSf**fb 10 

[0 0 4 7] Si MTtt4PX»ft«i i ©inxt/^i/xu 

T*«ft&3ia«u-if3tt-pt>j:^o a*. 

^Tl^^)t«U-lf^-A**tr«*"e**o iittJH 
U>Xl0 5tiM¥ao-Mt*feS o Zttx-r-i^l 
l 3ttl^if«oift^*iPX»«ftort»k:^to*a 
¥So-MT*S5o mytmu>Xi 0 5*ZH6*IrIK:» 

fcK-KoT^B; U~1f^O*^^fiPX^ 2'o 

[0 0 4 8] U— 1f4PX««l 0 otitic, IS^i 

0 7 £tt«snfctax»««j i *rt««i(mc £ awfl-r 
*fc»ic^«)tti»*a±^r*tt(ifflittaii 1 7^, *v 

*n-<y 1 o 3TkX$Wtmi'^X\ OStWW 

)Kllll±fcElB«nfcRlS*«Otr— ixX^U-y* 1 1 9 
If-AX^U'y* 1 1 9^fflU>X 

1 0 5 tcomclf^ ? u^f >y l o 3tfiEB2?ft 
T^3 0 lf-AXyj7^ 1 1 9te, BTajtt«Ol9*» 

O7t$*Ofpj^^9 0° £*3<fc5fcKfi;*ftTi/>So ffi 

tf£V^D^y^<5- 1 0 3Rt/*^fflb>Xl 0 5 
*2li@U *PXW^lO«Br^^-r>5^^C?^ 

[0 0 4 9] U— IfiPXSB 1 0 Oi^^^ — AX 

:/y *y* i i 9. ^v^p-r^^- 1 o 3Rifmyt 
muzsx i o 5 trnvyt^tcsm-stircanm? 1 2 

lMUfUyXl 2 3*ffif*3o tUSSS^l 2 1 £L 40 
T&#U*J£C CD (charge-coupled d 
e v i c e) *^7^feSo «]ifS7^>5f^ 

0 5. ^V^P^7^^7-103, Vf— WJ7^ 

1 1 9*aifiU J8«U>Xl 2 3T^«?nta<ii 
^?i 2 it«n, SSf-^i:^So 

[0 0 5 0] U-lfiPXgS looii?^ SMKiR?- 
1 2 l ^5lilAShft»|lf-* AAShS»»f - 

^aojias 1 2 5 u-^tunmm 1 0 o£f**®j»-r 

&:£{**JftPgP 127t 129t *<i*&o tl so 



14 

bTX-r-^*JWSfPl 1 5#ZttlX-r—^l 1 3£r^®!j 
ffil 2 5tt, IWSx— *«»k:LTaffi30tfc*:H»* 

i 2 7tc}M^n. ±(*»jwsp?*affia^&*n. ^e- 

* i 2 9tc^^n^ 0 ctitu^ ^e~£ i 2 9tcjfc*: 

[0 0 5 1 ] ±{*:«!|Wgp 1 2 7 K1H\ Xf- SflWWffl 1 

iMimi 0 2, mmmytmi 1 7sr;x^-> ? sjfflgB 

i i 5*«wracil:fc:J:0, »fipx*«i ooi 
'(***J»-rSo cfc-sT. ±»SJ«8P1 2 7^;i:^:yt!:l- 
- [o o~5 2] m i Amsm rs^i^t; ^uss 
mmcom i wcfigs ifipx*ffi*Biwr*o a 1 5 

tt, C©l^l«raX*tt*KBB-r*ft»07n— 

h-efeSo ipxw^ni^u3>^x/^ss 0 

[0 0 5 3] iPXJt*W 1 Oitt!RiRWtt*BISL 

(sioi)o huxttmwa 1 (omz&mm-? 
z Q »soaje»«affiDxs*«* 1 l 

t, ftpx»ft*ioz»^riRi©^iirJi*«s-ra (s 1 

0 3) o Ctl^i, »f}ttLOjfcyfijSPWiPX»»«Il 

■rr 5 u— we l ot^^a^t L/fc4px«ft«i 1 o 
7tcx*ian^o 

[0 0 5 4] iPXJttM* 1 *U-ifSPXSB 1 0 0<Dgc 
B£?i 0 7iciits o fit, glfgffl^Ml 17*^ 
Rl««*«ftS*TiPX«*» 1 SBSWtS (S 1 0 
5) o BHW*ftfe«KTO9^>5«*trtnX«**l 
coaffi3^rfflft*^l 2 ik:j;?)a«-r«o clO^ftx 

1 7 0^^0M^*ffi3tC{SB^^ct5a^7 ? - 

zzmw-rz (s 1 0 7) o 

[0 0 5 5] CO^-r--^tiX-r-v ? $iJ^Ig|5l 1 5tC 
S?>ti^ 0 Xf — S^SUfiiJpp 1 1 5«\ l©Mt-^ 
StCLTZ 14X5^-^1 1 3^ZlA7^fp]0^aia-li:^ 

(S 1 0 9) o CWaO, ^KfflftiBl 1 7£DpJll7 t c 

oj»uft3U««ffl3fcffl»r*o ft*, ss^x-^sa^gpi 

2 5«ffl«-r-^JcS-^l/^T. »£7^>5^ 
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tax**** i ©Sffi3 oifcfcHMRT 8 — ^saw-rao c 

[0 0 5 6] £f*fMfflB&l 2 7tliffeXf7^S 1 0 

3 x^^ntd^mm^— $ # a* 2 nr^s 9, c^g 

^WWSP l l 5 fcfc C tcS-^T, b-lf 

iXf-i/l 1 3fc*DiPX»*^l*Ztt#ftE8W 

(Slll)o 

[0 0 5 7]^, !f)tWl 0 1*^61/— >f)ttL* 
IfJt L *JPX«*« 1 O^ffi 3 <D150»r 
^v-fVSKlHirt-So lf3ttLO«3ttjftPtt4PX 
^%10rtgPtcffi«LTV^OT% ftHAUimKttftP 

^-r>5tcrft«5 i^attxf-yi 0 9^y»xt- 

5^»5<fca^4PX5**«ilOrtffitc:flgflc-rs (S 1 1 
"3) f LTx "MI^TtffliTE^VSCIfto 
Tffi^C^cJ;^ ftlXW** 1 J&«JWfr« (S l l 

[oo5 8] si «oa**»iW"rso cmc jctuf, 

1 1 ^ift^^rScl^^cfct), m^P 
mmmtnm *«^S5>f>5K:»3J:$fciinX*f 

Bftfif 6*^©ej«tf a&s inxj«w**Jt«W/J^a 

iSjSfc LTM^7^> 5 fc»oTl«X»*Hl 1 **J 
scfcti!), lt«W'h*ft*Tinx«*»i*iBBfr 
sc^mso cma^ tax»ft»ioaffi3fc: 

c h a < iraxfcHMfc 1 *«j»f-r a c^^tSo 
[0059] ^fc, % 1 ffiUCcfctitf. iraxSMM* 1 tc^ 
*?!RiR*iecS^«*ftT^o4px3«fe«i 1 OrtSIUz: 

1 ^Si^ U iPXWft*& 1 OS® 3 Tit' VI/ X u 

MS 3 tfSlif© ^ - S £ fc & 1/ > 0 

[0 0 6 0] W±tt«lbfe*5fc5Biffilfc:J;n«dr. *px 
1 OSffi 3'fc«WrFffi5>f > 5 Btttifc^MI 

asan*»nitf*i:*c:fca<, *px*fiife 1 *9j»fr 
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s^^xM^e^oa-rcfc^-esso affirms 
^^->*^«snTt^sinix3f*»^ jbewh^x 

SffiKi^^wxtfjBjKsnTv^sftixwftttfcoi/^ 
coo6i]*fc. ai miz&ms. imxnsm 1 <om 

S3^Wf^^-r>5ti^HL*l/^T\ VMtt^ 

t§ 0 cniccfc^ — tfcoftpx»**i*^6ff«*ns 

[0 0 6 2] £fc. S 1 Mfc intf, ftPX*f*«B 1 

TSott, ai«*Ccfen«ia»rftix^piffii:ftSo- c 

[0 0 6 3] 643, U— *f«*tt— OfclB6-rWRT?fe 
£v\> «*tf, Ell 7ttU-lf«aw*fl[lcj3tfa** 

mmmcom 1 ey^«s y4px*ffi*ttwr««5SH 

T*S5o Ctltt, EOOb-f^Il 5, 17, 19^ 

6a**nft=oou— if)t*ftix»Aiii 1 ortapjc* 
j^p«*to*raa*#iRifr6jBi*LTir^o tf 

30 ft® 15, 17 sb^o^l/- If 3tttiPX*HR* 1 OS® 
3fr£At*fSo 1 9A>e>Ol^-if7ttiiPX 

«ft»io«B53^6X« , r*o cft£*U£> 

**mR**«t**«c:i:*«Rrttfca:«o a*, ^o 

iTIiEOO^fMl 5, 17, 19t<fc!)lM 
[0 0 6 4] HI 8ttU—1f)ttai}ya»JC43»S*l8flS 

flgnsom 1 «fc«*«oi^i«ipx*ffi*Bw-r«ai3S 

2 5, 2 7, 2 9*i^§ 0 71/>f)tgai2 5, 2 

7, 2 9©#^fcte^TBICMk:E««tifeL^-1f3ttJB 
2 3^6a»$tlfeU— IfJttf— OOI^ (M^-ifi 

^po ^jgdc-r^o cowicintfftiK^je^^v 

StcjSoTM^lMPi, P 2 , - • •*ni9lcJB/S 

so "T^Ci:^T^SOT% tPX^jK^faI±^^^Ch^T 
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-Y > 5 hffiSTt £73 (RJIC U— *f X^-V >-T 2> C i: T'Bfcg 
St«e«r«gtfiJnWfc:r£fi£-r S c i: fe Rjfirr-fcSo 
[00 6 5] [JB 2 0»J] . #§?SS«l5©lil 2 ffilfco 

3o C©0!lT*f;i\ MttMtLTL i TaOsM 
0 0 (imgiOItlf^iA (££) * 

[0066] SI 2 Wzr^SgjBigBfcJ:, 0 1 4 t^f U 10 
— VtiQX&W 1 0 ORUm 1 9, 02 OfcaR-rStHfrS 
W?n5„ 01 9&7J02 0 t^-T^SlcoVT^ 
•fSo EESfit?^x/N3 lti, SJIfgtLTOiA 

■>-h3 3 1±. E^f)i^ 3 1 *«8rTS«l©ffijb< 

">x^->— h 3 3 {±, V->7}1&}1>&3 5 iZ&m 

?9x/%3 Hi, 01 9 t^?n^J:5fr x mzWWift 

So ^BEm^WX^-y^a 7{ilHSSgP3 

So C©lalBWB3 9fi, EWSffx^3 l©^®^ 

UlSSgP 3 9 ©Hie l±ffife<Dti$m a (8 0 n mgfi) 
fig^nri^S, &:fe\ 0 2 0a, JES^S^x-^ 1© 

[0067] ^tc, 02 1 tcgo*i^T, mzmic&zyt 
fcttSfcas^ta&tttm (szwtsi^a, lit 30 

a 03^e,*SEE*lg^^x/N3 1) ©yfi»lOM$te*«l 

5£-rs cs 2 0 1 ) o )i£®iR«fe(±, ttwt&&tm*m 
mmm l < t±e»iR©^i/^so u— «f ft l ^tatrr s 

U— *fftj®l 0 1 *jS3£-TS (S 2 0 3) o 
t^Tti, S*?Szgfi^ 1 0 6 4 nmT£S^;I/Xj£ (P 
W) m<DY \GU— ftfItJtlTV>3„ COYAG1/ 
— »f«, /<;l/X©*t!5igUSia8&*' t 2 OH zT'&tK 
;1/X1is^6 n sTfeO, ^;I/Xx*.;l/=£li 3 0 0 /i J T- 40 
&S„ Sfc, Y AGU— *f*>P>tiJ*f^n-5U— +f^L© 
X#7hgli, 2 0 /imggT'gSo 

[0068] awe, wisittmttn<Dmz%:ffliz.?z> cs 

2 0 5) o «W)fJ**tJ»<OJ»S3b<S«esti*4:, *©jB'J 
©rtSPtCffiH-rS J: 3 U— 1fftL©fti|i|l!;£|q]fc::i3tt 

-f^LoiMoifii (f*i») 4tt^r« (S2 

0 7 ) o U— f ft L <0M*©ffil CgSMt) J4, ^ 
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Siwsois ©1/2 oici^snio 

[0 0 6 9] 0 2 2lCjf;£nS<fc5fc: N f£K!©U— »fft 
L©mftj±>P©{iB&, (fttx. 

tit), Mfflb>Xl 0 5Tf«JtSnftU— tfJtLO 
*3ttjSQOffiBJ:»)t.«IWB**»8 (EWief «7xm3 

1) ©^ffifr^^csKfiB-ts^st&So -r* 

fe-fc* ru— «fJfeL©)fe«l*|qJ-P<DZtt 

xf-^i 1 3 0}&mmxwwi-ttmttm<Dmm&=$m 

Olz-ffiLOMMlJ i:^3Bi«A^»)jioc 
ttftSo b— »fftL©£lft£©^tiUI tt, 

LTSSJtlS. *■©&, X-Y-ZttX-r— (*H 
mmmicis^rit^ xttxf- s-M o 9, Yttxx-->" 
1 1 latfzttxr— s^i 1 3fcj:»)«|j«sna) ±te 

IEfi£ft7c*cB£r 1 0 7 LT'^x/nS'- H3 3tS 

fip*nfc«jww*«s**B-r* (s 2 0 9) „ mmn 

St, mSJBttSl l 7*>e>ft£ffi 

T, «®"fg^ l ZlTOfflMSSES^^, 1>-Vft 

ttX-r-f* 1 1 3*9t?tT7t- AXiaS^fT-5 
(S 2 1 1) „ cum M^ffl^Ml 1 7tC«toTtf 
P»n.2.J±«*?^x/N3 1 0£S&8&«jtfltj|E? 1 2 

tt$tttn<Dm5±.T-m&%&&£. o tzixf-^ 1 1 

3©^lbffiB*?*^b, X-r— i^$iJWgP 1 1 5icmtft 

s„ x-r-i?*ijffligp 1 1 5 a, s^x-^iaagpi 2 5 

^P>©ffl*ffi^tcS-^^T, ZlfcX^— i^l 13<D§1 

^*^Bf*f^«il4©^®± tc fiifi^-iirS tzttxD&W t 
Sot^lCZttXx-v^l 1 3*$WT-5o 
[0 0 7 0] W^ffl^Jgl 1 7*»6BU»*tlfcyfi©7* 

(S 2 13) „ ccm flJBfWJfeWSoPSRtfJBSf 

/£itz«ixf-^i 1 3*i>—*fytL<oyffljj{tiiic&W} 

S-li-S J; -5 fc, ^^SiJ^ia? 1 2 7 X-r— ^ftWSB 1 1 
5tm*ll^iM0. ffi^ffi^gtt/cX^-^iJffllgp 
1 1 53b^ZMX^-^l 1 3©^fl)(4B*$iJffll-rSo ± 

T^Stlft U— «f )t L O jfc)t^O«fit««-?£t j- Z $4 X 

k <fc 0 , u— »f l <om^vwm*i*ttn<Dp}m*.<D 

SHB^T-TS (S 2 1 5) „ 

[0071] u-^L<DmytM<Dmmtimsneo^ 



(11) 
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f-i'10 9MYiXf-i'*l 1 \*1$mZ*kZ> (S 

2 i 7) „ u— yyesi o lfr&ttittsftfci'— 9*7tL 

«> 0 2 2lcmi£ti2>£olc. mtmis>Xl 0 5 lei 
9> »»-T*lHlB8fflJ3 90fflK:}B«SnfcBT«Oli8«a 
(±56L7£«ta^, 8 0 /im) K:Bg£fj±«fR^x^3 

1 2 9T»gLSibif.U- »f^L^MW?tlSC 

[0 0 7 2] CCT\ «Ktt**mfcIBfi#£ftSU--»f 
fl£L«\ i^fflUVXl 0 5£<fctK H2 2fc35«n* 

■r icjg««nftieittffi 3 9 ic «rye l 

— f^£L £ ft &t ^«T- U— tftt L ^Slftf 3 C 
i: fc'J: 13 , L [eisggp 3 9 fcrx*fr 3 <tf£BS <* 20 

|5IISg|J3 9*U-1f)ttL*>6«a-r*Ck 

[0073] u— tfftii 1 0 1 ^eww^nfeu—if^ 

L*. EE*]R?9x'i3 1 ©rtSBte&ftjSiPtff&H-r* 
©BE«* ; ?^i^>3 1 ©rtgWCfcttSftftjSPKtf*-© 

(E^ffxAS 1) ©Sffi&t/g 30 
[0 0 7 4] ^fc, 0 2 3—0 2 7^1^^, U— if 

tin 3 2 mmm&ttn) twit, «j»r*f**m3 2 

L fcfiBJfr 5 c £ £ J; £ , 024 &tf 0 2 5 t^sns 
«fc 3 «)Brttfetm3 2 Ortg5t43»«*3tjS&rf* 
Oifi^o*U:«'J^^7-y^M«9*^^t?n5o * 

9J»fj^R»»3 2©«#*|R|Dfc^ft-rS«t5«i:, U- 
Iftt L ©fffeS^afiWMs^ 3 2 ©^HjtfSflWa? 

[0075] is—vyewi 0 1 »f3tLAv^b 
mmamun 3 2 ©»»%fro rc^> * 5 •> 9 

t±, 02 5tc^^ti3J;-5fc, y3W*ffi*m 3 2 ©fi# 
7!F(rJ D tiBo T U— f ft L ©j&eaA&S VH±<5!J»T*t#l 
tf»3 2 ©#»iS£fc»|£Lfc|tBPH*#LT«»©*5 
•y*ta«9;WlMSftT^< Ctt4«= U-f*LO so 
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SCttcit), 02 6 fc^SftS <fc ok:, *-5v*SS« 
fife * ^tt««»*#8<D£ft»B*jgfc:iI <tl.ct 

ia*>> 02 7{c^$n3<t5{c, <?^y!?fm.9i)\ 

U-lf^L©^S75r|nIfeSVHi^JWf^tj3|43 2©i£ifr 

y£L©i*93IUHI«»aif«W^*f»3 2 (XitXf 

■&-5Cli:Tfell^Rl|gTfe5o U— «fftL©l!t) 

ilbHftftatf 3 2(D&Wim&*-fih<?2> 

[0 0 7 6] ±MLfcRfTa©^Wf-'^— >tjftoT^-5 
•yi'SijO^iSShSl: (S 2 1 9) „ fcUfflBWWjfiP 
iniX«:3H«£{fc«»i: J: t> 9J»Bt»*mrt , «p K f 5 -y * 

«9*^jasnfctt«T«iBfr* (s 2 2 1) . 

[0 0 7 7] ^tC. 0 2 8—0 3 2^#iLT, ^iStfJ 

j£*ftfc«JI0Bt*#tt CE«jR?«>x/N3 1) 14, 
:/;l/*;l^3 5 £&&2ftfc>>x^->-h 3 3tc<$}$2 

4«fc3a!»5l^+-yf 3 4, C©PS?|^^-y^3 4 A^g 
^ns©?|jJ?>^ (0^-a-T) . iPJEn— K/l/3 6 

(JfffiSPW) , iPEE--K;i/3 6*»»*-&afc«>oira 

31— ^»5c ktf-VZZo **5, 0 2 8—0 3 2 lc 

[0 0 7 8] Efi?^x/N3 1 ^Bf^StlHS^n 
2>i:, 02 8lC^-$ftZ£olC, ftmtZHWT'UX 
7lr«)S-r3ffigt®§l9 L -w ^3 4£3£c$tt 
TP<c ®3l^-w*3 4^SfrSBE«7 i M^x^-y 

^3 7'fc5£»fe u< ttaats^taB-PKgi^v^ftB 

^fpflS-a-SCht,):*), 02 9t^^ti3J:p^, ® 
81^^ -y^ 3 4 \^mtZ>WMrff^7.=f-Vf3 7 (JE 
fl?^iA3 1) ^K*?-y:So ?5?l^+-y^3 4tc 

1) ^SigS-arSi:, 03 0tr^?n-5J:3^, 'Jxa 
>- h 3 3©ai5 Cffi«a^f «>x/N3 l *<««rSnfeffi 
©Sffi) ffJJA^^-S|-rSffi*-r^WX^-yy3 7fC«jS 
•T SfiiStiDffi-- F;l/ 3 6 >£?£i!)£-i±3„ 
[0 0 7 9] inffi— — H;b3 6A^iAi/-h3 3 ©5 
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6ic^ommm^3i^3 nc^gpfrs^^Epjjpsn 

)E«^">x^3 1 ©Sffi&tfaffiST-fSfi-t&c tie 

Br^nr, ElfA^Xf7y3 7tfEtI?fiA3 
l fr5>#8t£ft3 -)i;v>-f3 3 
fck* ±MiLf=J;5£««tt^LTV^<DT\ «IBf»(B 10 
S*ifcE*fWX*-y :/3 7 jWRtWSOfcB&^C i: 

[0 0 8 0] ESf/WXf -^3 7tfE«If ^ia 
3 1 fr^gtSftSfc^l^-y^S 4&tfiPJE-— H 
;l/3 6*7^^- 1-3 ZfrZ>MnZ>?3mz®Wl-£*£ 
3„ B&SI^-v '^3 4 &t>**ip|±x- K;b3 6 tf^Sj-T £ 

3 4«fLT^5©T, S3 2 tC^tlS £ -5 ^ 

-tzm3 2^enB73(6)^iMt), ^iSfsnrgs^i^-y 

7 3 4£©*LT^£l±mTvV|'X¥--y:/3 7 fc. >7x 

^zs-b3 3ic&m-£nT^z>&nm^'yjL^3i c« 

*fc 75 «y *««9 #«JS«nfc*WIWm*mfc>tf LT 
[0 0 8 1] ClOidt, S2Mtfe^Tii, Sift^U 

vx i o 5icj;D> u— if'Ttini i o i e. ffi*f^nr= u 
A3D cDrtgptfis-rs^^tc^-rscir-p, myt 

V y S </ ^iWBSEBp-P© ^7 7^ <e*t«£T £ BJs^tt 

scd^#wm«s l < ttyt&t&mw*K * »> j&s s n 

rc^7-y^^«9Cj»oT^JBf?n«©^ ^»tO^[r] 

SfctttflflLtU «IWf^iRiO*lffli*Sffl»i:ff a c 

t«„ $7c, ^V-Vt> V* 7^ t J; -»^"ti± so 
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h**^*:**,, cnsoiss, ai2fl»jt«kn^ 

[0 0 8 2] £7t, tta«^ffliinXtt3SB«a£<k«t J: 

3nfc*^-y*«i*9*jaft«*T7t^tt*m (JIM 
*?^x^3 1) *MtSOT. «IStif^7 7^ 

[0 0 8 3] iPff^-K;I/3 6£rffl^TftjSjS14 

TV^OT's JBfi8*nfci'9y^««9 0ffi1Bk:T)ta 
[0 0 8 4] g:fc. «»©@l&S3 9rtTOjSSnfcEE« 
^3 7fffc«I»f»»-rs»^ l)tfflU>Xl 0 5K.H 

d , ' rs^- & [eisggp 39 <obbk tut mmc s&ts t> 

8SSP3 9©F^CJBtS?nrcHK<0{LLS^tet>T, EEWJI 

[0085] jtaaittm (EBfst?^x^3 

[0 0 8 6] S2«UCfc^Ttt, ISfflSMfcWifc 

A,HSt^cfe^i|!»«:OfR^K±07c46©Sljt^7j<*' 

[0 0 8 7] Sfc, S2Mt^Ta, B^HSP (i'^-y 
^2 ns tab, #4 -Vtv F * >y ^ t «t s ^ tc 

*5R!^ti, BU£&L;tem2Wc|®5££ftSfc®T&&<, 
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«fc K> W'bft 9 =7 v 5 W$. 9 £ <£ r> fc L T v > 3 

Ah© (f s) u— if) ^fflv^ci:T\ mm^mt 

i: 3 ^^«^140^ft^?iJffl LT * 5 trffiM 9 ^-fg 
TtMilttWS^ WmtZzttf-FZ 

[0 0 8 83 u— -finx^a i o o icfct^T, z 

iXf-i 7 1 1 3^gj;*-£5£fcl;:<fc<3 U— fftL<D 10 

5ilt4<, MfflUVXl 0 5*1^— 9"^LC0^ffi73 
iRifc^gj^-y-^. c £ &c <fc K> 7 * -* xmnttfi 5 J; a £ 

[0 0 8 9] itfc, U— ^fJjPXSB 1 OOKfe^T, FJt 
MO^Kr/^— Mi:LfcA 5 -3TXWXT—>*l 0 9RZf 

Yiflx-r— -^i i i ^fjj-rsi:-? tLTV^^ cn 

tPie-nS L>— «f3tL*ffi2©«J»r;<$r — > 

[0 0 9 0] S/c, "K?r^-Wy3*'4'tff«j|t? 1i ?x/V 20 
3 l *©»^^fc^tc, iaS-- K;l/3 6 1 J: *)E.mm 

ft5<:2i&<, iPEE-— H;l/3 etcfcOEftiH^x/N 

73 ?3 4KKSM5J:5CLTt 1 J: 

V\, &:fe\ ®?l^-^-y^3 4tCjia*?^x-'N3 1^55 
sg^-e/ct&fc. Suffix— K/l/ 3 6 tc«fc Offittsg^xM 

Xf7^3 7coa®A' ! ®?l^+-y^3 4lCTmt>tlZ>ZL 

-r 3 <- c £ # s„ 

[0 091] SlfiiR? 1 2 1 i: LT^SfOt, 

^D-r-y 1 0 3*fflt/">Sftfc>*)f \— 755 

— c^w- 7=7- t\s—*?ym\ 0 1 
k is—ifum 1 0 1 ^01 k> ytzvum? & 3 tz%*m 

1 0 1 frsgatfsnau— yytL<Dmjii±* t^^tm 

fiStC0fci6<Dt±J73<fc t> fe(SV->x^.;l/^-ffltBS^<l 
[0 0 9 2] ^2^!lOS^P,*f§B^O#@^iXTtltt 

[0093] *«iBK«syasatt*m©^Rrai*tt, 
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£T*&, H&StgPJfcfiEXgfcfei^T, U— Vytoyf&t&fr 
< -T5 c 1 ocD^SJattW^ 

5o cn5©*£m, *awt±nar, mn>r^mR-om 

[0 0 9 4] *%^K^S^Jii14^<D^JBf75" 

ffiCfet^Ttt, kA,Hav>fe«>» flSI»i* 

[0 0 9 5] Sfc, *SIW»j:«*3tt3Satt«!l40!a»f* 

s«!«ftss©HHii*^i;«ci:ttav'' ( , $fc, *mmic 

[0096] srrc, 3taatt»s»«:», ffi»oi§iES»A< 

tct±, wsrsiiiisapoiBtjB^nfciBBSoffiBt* 
[0097] src, scKapjBritEStfevr, ftiSiite 

y wtmit zm&ic m®mc is—fmm 

[0 0 9 8] Sfc. 3tK3Bfl2fiKXig£:fc^T\ *^«r 
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5. 

[009 9] *KWK:««)taatt»»09JW*ffit±» 
OrtSPKife^* jfcJtjSZitf -f-<iDj£fiJ«D*»c * 5 -y ? £rfl5 

[0 10 0] *fgBglcilS^Siitt«l4©«®f73)4T- 

T, ^V-»^7*iH^r/jN?<-rsci:^T^, 1 ocDftg 
^RTtlh^So cn?>oeS> *^WlcJ:titf, ffi#T so 

[0101] $rc, *awic«s3teaifltt*j«o«»f* 

<om&m±<otcib(Dfflmmft7i<t>^m£i3;*). awn 
to F^^p-tx^ngrr-s c tA'Tta. 
[0102] src *sswK«a3taifltt«so^wf?5r. 

ttfcfeVTti, * 5 -y * <DBf&tf Is—yytlz <fc S^MSttl 
> K * v * £ £ -5 £V » ?lcl8if%7 U— K©»& 

«k 3 c * 5 y * <DJ£j£tf u— if yc«c J: «?HftjftUnxic t 

[0 10 3] Sfe, «]BfIigU:t5V^T, 
•y C i: fc «fc t> #213114 C 

tut t^vt ms**5 c t k «fc t> jtaatt#«*«j 

(gnTi.chtcJt'K Jgdt* nfc d» 5 -v *©titWcTft3l so 
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[0 10 4] tfJBrXglcfcl^T. Ifjlgptf^ffl 

l/\ 7ti§®ttM^JS;ft£;bn*3C££<fcD, *^y* 

C<D«fc-5tc. SJBrXStcfc^T* WffS3J«*ffli/\ ftst 

Bfc rytrnmittim* <t o -sssnt^jwf-r a c £ #t 

[0 10 5] *KWt«Sitaiait»SO«I»f8iB*±, 
[0 10 6] *^a^K(lS7 , d;ajiatt^»^»f^BT' 

$ fe» ^ ^> F * -y * t J: S 2V ~> >^it LT, 

[0107] *^^t^s7iesiait«^<o^jwf^ 

■Kfe^Tti, %«K»i*^{ii:/uH!5:i/>/t46, fSg^f* 

[0108] mrc *¥£wizmzytmm&ttm<Dy}\gi ! & 
mas^rit. &ni$tfis-*fmz£2>4mMtoj:izx 

Z \z <fc s v ^tc S ^ U- K ©iXtt> 5c&«i 

m&&ttn<Dwmmmict3^x&, jttLtexstc&n 
i—*rmc * 2>immaT-icxmf$.-$tiztctt>. % 

[0109] *%rat«s7ieaifltt«»o«i»SB«, 
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CO 1 10] *»Wt«S)ta5fltt»R<0«IK««1? 

l < immm*m®.mz t> nrc * ^ -y * 
coiii] s/t, *»wK:«*)i£aatttmo«jwaE 30 

[0 112] *5^fc«**£aatt*m©«J*rgt 
•y £ fc <fc Z> 2V y lc 3 ^ U- K ©W4M4, 

[oi 13] mrc «jw^a«» jaitt#fiti6** 

»?^3SjS1t«^fS^^en*PLT^^ -y 
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[0114] tfc, jtaatttma, *©Sffifcti»© 

^•rsiHissgpop^icrTM^nfep^cDfitatfeu^T, it 
[oi is] s/i, ft^f^t*. laessptu— tfjt^sa 

[0 116] gfc, Hittj&fcU— ^©^ttfcSS-T* 

•s seh-t a * ifii t » » s s ^ nb<DMit&&m^ 

Mtc «ra * £ c t K i *> s l^vl *mtMV>%®iHfaXc. 
%t^Tmffimmi$.?Z££&njmt%:K>. ^©yaffil 

[0 117] 

[fgBJ|©5C!l^] 

[0 118] 9 1 "tPX73?S(c e fctitf, AO 

So ±ot, bux.tiMtValtmiSi-tzck.icZtX'Emzti 

[a i ] *m&mmi£&z> u-ytmnjimc & o r u- 

[0 2] 01 ic^-riPlW^O I I - I I ^tcJSofc 

[n 3 ] *mmmmiz&z u— tf jipxtj?* k a s u-if 

JlPX^fOtPX^tJjtDTSHTSSo 
[0 4] 03tC^-TiPX3t^WO I V - I VMCitiofc 

[05] ®3ic7jk-?])QXtt£L®i<Dv-vmcm~3rzmM 

[0 6] ^ifit^SU- »fJlPXyj}SfetJ:-DT§JWf 
Sn/'ciPX5>f^!|%© 3 FSa0T'&a o 

[0 7 ] u— tfjpx?3}£ tfettsmi? 

[0 8] ^USSm^^Sb— tf*PX7jji©5E 1 Xgt 

fc^5iPXSifS!Kaowfffi0T?aB5 < , 

[0 9 ] ^mmmmizm u—^fiax^mtom zxniz. 
fctt § mxMmmDmm 0tss 0 
[010] ^mmmmicmzu— nnx^momsxm 
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mi 2] *nMBmic%z>is-*ftoj:-timc£K>wm 

S tltc >"J n > x ;n<D— gpte 3 Wffi©^*^rS L 

[0i3] ^mmmmic^\y— ^tnnysmc^f^is 

[iai4] *9mmm<»m i ^— tripx^ 10 
[015] *nmmM?>m i u— »finx*»* 
[016] ^mmmmcom i Mt«5 u— <f anx^s: ic 

[017] u-if tts#ffi&£K-ra**ffc»ffi<DS& i 

[018] U— «f)t*««aftK:BB-rs*llfl9g!ll©SB 1 
[01 9] *Hi6S^<0^2P»C43V^T, >>x/v>— 1- 

[02 0] *Hfl0B«<D»20SfcfeVT, ?x^-h 

[02 1] **«Hg!B©S2 0|C«*«IWf^ffi*BiWr 

[022] ^mmmmiDm 2 «nc«a«iwf*ttfc: <t 0 u 

— 9*JtA^*f^nTV^JtSil1x»«OWrM0-PfeS o 30 

[023] *mffimm<Dm 2 «it »c iou 



[02 4] 02 3 fc^-r^SjStt^©XX I V-XX 

1 v«k:}&ofc(jfiBBn?*«o 

[02 5] 02 3tC^-T^jH±iW«©XX V-XX V 
^{Cjftofc»f®0TfeSo 

[026] mtt&<D&wms.itm< Ltzm&icisifzw 

2 3^^-r^jittTOcDXXv-xx v*atcrQorc»f 

[027] &yt&tr>&$mm*-£c>Km< Lttv&&K.$s 

[028] *mtmm(»%2micmz9}Vfij5&(c>m 1 x 
[029] *mt&&m<D%2Mic&z>9}m-ft&<Dm2x 

[0 3 0] *^fiSJgS0^2flJtc^S^SlT7j?4©^3X 

[03 1] *mm&m<o&2Micm2,wwifim<Dm4j: 

[03 2] *HBgmi©S2PlC«S«K73a©S5X " 
e*^-Tffi«^ : ? , >x/^O»rffi0T?feSo 
[ft^cDlSBJf] 

1 • • • idXfcfSifja, 3 • • • a®, 5 • • • 9J»r?5£ 
7^>, 7 • • •*Mf|ii > 9 • • • *^y*flME, 1 

1 • • x^v 13 - • • mMiSMvMM. 1 
5, 17, 19, 23 • • • U— tf ftj®, 2 5. 2 7, 

2 9 • • • TU-fftiCgp, 3 1 • • • BEftjR^^x/v 

3 7 . . . EEa-r^WX^:/, 1 0 0 • • • U— f&O 

xse, i o i • • • is— *r yem. i o 5 • • • Mkftm 

ls>X. 1 0 9 • • • XllXx— i-\ 1 l 1 • • • Ylt 
Xt-^, 1 1 3 • • • ZiXf-'^ P • • -JUttiS 
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HO 1 L 21/301 
// B 2 3 K 101 :40 
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B 2 3 K 101 :40 
H 0 1 L 21/78 
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HFH 2 0 0 2-1 9 2 3 7 0 



F# — A(##) 3C069 AA01 BA08 BC01 CA05 CA06 
CA11 EA01 EA02 

4E068 AEOO CA02 CA03 CA09 CA11 
CB10 CD08 CE01 DA11 DB13 

4G015 FA06 FB01 FB03 FC14 



